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1. INTRODUCTION 

In recent years, fifth generation (SG) networks has drawn wide attention on the application of massive 
connections scheme, namely non-orthogonal multiple access (NOMA). NOMA shows its potential in terms of 
spectral efficiency improvement [1]-[3] and higher spectrum efficiency [4], [5]. As one of differences with 
traditional orthogonal multiple access (OMA), by superimposing multiple users in the power domain at the 
transmitter, NOMA allows multiple users to be shared at the same time and frequency while the receivers 
employ successive interference cancellation (SIC) [6]-[8]. In NOMA system, the near user and the far user are 
decided based on their channel conditions. However, to ensure user fairness among near users and far users, 
more power is required to allocate for far user with poorer channel condition which is different with the near 
user with good channel condition. Recently, one can deploy cooperative techniques to improve performance 
of far user in the group of two users [9]-[13]. Reference [9] studied error performance of cooperative-NOMA, 
and they also proved the exact end-to-end bit error probability. A successive user relaying (SR) was studied 
in [10] to enhance the spectral efficiency of cooperative NOMA system. In the proposed SR scheme, signals 
from the base station are dedicated to process in a pair of half duplex (HD) users. Such signals are decoded and 
forward the decoded signal successively to enhance the spectral efficiency. The authors in [10] further 
considered a novel algorithm regarding optimize power split factor in order to improve fairness of outage 
performance among these users. The authors in [11] proved the superiority of NOMA with the assistance of a 
dedicated relay and then studied expressions of outage performance. In other system model, [12] explored the 
remarkable outage performance gains of the NOMA system compared to the existing OMA schemes with 
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benefit of the relay to In the context of the cooperative NOMA scheme. The authors in [13] explored downlink 
cooperative NOMA system with multiple out-band relays along with two schemes in term of optimal relay 
selection. In term of HD deployment in system models reported in the above works [11]-[13] which results in 
low spectral efficiency due to the consumption of additional time resources. 

To permit the relay to transmit and receive signals on the same time and frequency channel, relay is 
able to employ full-duplex (FD) scheme [14], [15]. However, inter-user interference and self-interference (SI) 
at the FD relay might occur and such worse situation results in significantly influence the system performance. 
To take the advantage of FD operation, antenna isolation and analog SI cancellation can be applied for SI 
cancellation reported in [16] and [17]. Motivated by this, recent studies have presented the combination of 
NOMA and FD relay [18]-[24]. Reference [24] proposed FD-NOMA system, in which near NOMA user is 
able to communicate with a base station (BS) directly. The far NOMA user needs to resort to a full-duplex 
(FD) relay. They applied wireless power transfer by allowing the FD relay integrated with power 
splitting architecture which can be powered wirelessly using the ambient radio signals. Motivated by recent 
studies [20]-[25], we study performance of FD-NOMA using Nakagami-m fading. 


2. SYSTEM MODEL 

In Figure 1, system consists of a BS that intends to communicate with far user U, via the assistance 
of near user U,. U4 is regarded as user relaying and decode and forward (DF) protocol is employed to decode 
and forward the information to U,. U, can switch operation between FD and HD mode. 


















































eels Ear, | ae are assumed to be exponentially distributed random variables with the parameters 
Ài i E {1,2,0, f }. During the k-th time slot, The received signal at U, is given by (1). 
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Where œ, =0 denotes working in HD mode and œ} =1 denotes U, working in FD mode. xș [k — t| denotes 








loop interference signal and t denotes the processing delay at U, with an integer t>1. We assume that the time 
k satisfies the relationship k = Tt. Ps, Py,,Py, are the normalized transmission powers at the BS and 
U1, U2, Nu, [k] is the additive white Gaussian noise with mean zero and variance o°. X1, Xz are the signals for 
U,,U, and E{x7} = E{x$} = 1. a,a, are the corresponding power allocation coefficients, we assume that 
Q > a, with a, + a, = 1. The received signal to interference plus noise ratio (SINR) at U4 to detect x, is 
given by (2), 
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where ps = py, = P = is transmit signal-to-noise ratio (SNR). After successive interference cancellation 
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(SIC), the received SINR at U, to detect x, is given by (4), 
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and (5), 
Yur = @ps|U,I". 
(5) 
The received signal at U, is written as (6). 
yu, lk] = oy at, Psx [k] + .f@2Psx2[k]) + 24/ Pu xp lk — tT] + nu, [k]. (6) 




















The observation at U, for relaying link is written as (7). 
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Yu, lk] = 02 /Py,x2lk — T] + ny, [k]. (7) 
Where ny, [k] is the additive white Gaussian noise (AWGN) with mean zero and variance o°. 
The received SINR at U,to detect x, for relaying link are given as (8). 














Yu, = Pu, 02l". (8) 


Assuming, all channel gain undergo independence Nakagami-m fading distribution. The probability density 
function (PDF) and cumulative distribution function (CDF) are given by (9). 


(9) 





Figure 1. System model 


3. SYSTEM PERFORMANCE ANALYSIS 
3.1. Outage probability of U, 


According to NOMA protocol, the outage probability at U, in FD mode can be expresses as (10). 


FD FD 
Fy FD = Pr (76v, < 02, 7u, <6,) 


FD FD can 
=1-Pr( 76v, > 02, Yu, > 6,) 


Where the threshold SNRs are 0, = 2*1 — 1,0, = 2*2 — 1, R,, Rare target rate and æ} = 1. Based on (2) 
and (4), we have (11). 
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We can compute the first integral as (12). 
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The inner integral can be further reduced using [26, Eq. (3.381.3)], Gamma function using [26, Eq. (8.354.2)] 
and €, = max (——2__ i ). 
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Replacing (12) to (11), Fu FD can be calculated as (13). 
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The inner integral can be further reduced using [26, Eq. (3.381.4)]. In HD mode, the outage probability of 
U, with œ, =0 is given by (14). 
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3.2. Outage probability of U, 


In FD mode, the first is that U} cannot detect x,. The second is that U, cannot detect its own message 
X> on the conditions that U} can detect x, successfully. The outage probability of Uz is expressed as (15). 
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The two integrals above can be calculated respectively as (17). 
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The inner integral can be further reduced using [26, Eq. (3.381.3)] and (18). 
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y is the upper and lower incomplete gamma function. By using [26, Eq. (8.354.1)], we have (19). 
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The closed-form expression for the outage probability of U, is given by (22). 
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In HD mode, the outage probability of U, with a3 = 0 is given by (23). 
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3.3. Throughput analysis 
In this section, the throughput in delay-tolerant transmission for FD/HD NOMA are presented, 


respectively (24), 
Jeo = (1 — Puy pp) Ri + (1 — Popp) Re, (24) 
and (25) 
Jup = (1 — Pu, np) Ri + (1 — Py, np) R2- (25) 
4. NUMERICAL RESULTS 
In this section, we numerically simulate some theoretical results from some figures to show the outage 


performance. The main system parameters are set as a, = 0.2,a, = 0.8 and a = 2. Figure 2 demonstrates 
outage performance versus transmitting SNR p. It is intuitively that FD-NOMA gives better performance 
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compared with HD-NOMA. The first user shows its superior performance compared with another user. Better 
channel m = 3 case brings better performance for the considered system. Due to such outage performance, we 
have the corresponding throughput shown in Figure 3. It can be seen the highest performance occurs in the 


high SNR region. Further, under varying value of target rates, outage performance can be changed as Figure 4 
and Figure 5. 
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Figure 2. Outage probability transmit SNR with Figure 3. System throughput performance of two users 
d =0.3, R, =3 bit/s/Hz, R, = 0.5 bit/s/Hz. with d =0.3, R, = 3 bit/s/Hz, R, = 0.5 bit/s/Hz. 
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Figure 4. Outage performance of two users with Figure 5. Outage performance of two users with 
m = 2, d = 0.3. m = 2, R, = 3bit/s/Hz, R, = 0.5 bit/s/Hz. 


5. CONCLUSION 

In this paper, we have studied downlink non-orthogonal multiple access (NOMA) transmission with 
the enabler of the full-duplex scheme. By exploiting the fixed power allocation scheme, we exhibit performance 
differences for two users to enable NOMA for such downlink. Such NOMA can improve the transmission 
opportunities of the far user while reducing the impact of self-interference due to full-duplex (FD) mode. 
Moreover, we compare many cases of deployment of FD and NOMA, for example, we found that how channel 
gains can improve system quality, target rates limit performance system. The adopted mathematical derivation 
is checked in simulations by matching Monte-Carlo and analytical results. The system performance can be 
controlled by the quality of the channel and power allocation factors. 
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